DNase and restriction site protection studies show that cAMP and its receptor protein (CRP) bind to the promoter of the ilvB operon at approximately position -44 to -82. This region contains sequences that are homologous to those found in other CRP-dependent promoters.
INTRODUCTION
The ilvB operon of Escherichia coli K-12 contains the structural gene for acetohydroxy acid synthase I, an enzyme required for the biosynthesis of isoleucine, valine and leucine.
Regulation of this operon is complex, involving negative control by attenuation (2, 3) and positive control by a number of factors (4, 5) including cAMP-CRP (6, 2) . The participation of cAMP-CRP in the regulation of a biosynthetic operon is very unusual since this complex is normally involved In the regulation of degradative operons (7) . A recent report suggests that this control of ilvB may reflect a need to Increase acetohydroxy acid synthase I when the flow of carbon, in the form of the substrates of the enzyme, is reduced (8) . An examination of the DNA sequence of the ilvB promoter revealed structural features similar to the CRP-blnding site consensus sequences proposed for other operons (2) . It was therefore of interest to determine directly if CRP binds to the ilvB promoter and to further investigate the effect of cAMP-CRP on iji vitro transcription in this operon. In addition, since this is the first operon shown to be controlled by attenuation and cAMP-CRP, it was feasible to investigate possible interactions between these regulatory mechanisms.
We report here the results of DNase and restriction enzyme site protection studies which indicate that CRP binds to the ilvB promoter at approximately position -44 to -82. The addition of cAMP-CRP greatly increased transcription when restriction fragments containing the ilvB promoter were used as templates. However, cAMP-CRP had little or no effect on the percent of transcripts attenuated in_ vitro. In vitro transcription data and restriction enzyme site protection experiments indicate that a second RNA polymerase binding site may exist upstream of the binding site in the -35 region. This upstream site nay play a major role in the cAMP-CRP stimulation of ilvB expression.
MATERIALS AND METHODS

Bacterial strains and plasmids
The strain of E_. coll K-12 used to isolate ilvB DNA was MF2356 which contains plasmid pTCN12 (2) . All other strains and plasmids are described in the text.
DNA preparation and agarose and polyacrylamide gel electrophoresis
Plasmid DNA was isolated from cells grown in L-broth (9) using the methods of Clewell and Helinski (10) . Vertical agarose slab gels were used to analyze large DNA fragments using the procedures described by Childs et_ al.
(11) except for the following changes. The buffer was 0.04 M Tris, 0.005 M sodium acetate, and 0.001 M disodium ethylenediamine-tetraacetate, pH 7.8.
Gels were 0.7Z agarose (W/V) dissolved in the buffer. Samples were run at 100
V for 2-3 h at room temperature. For restriction enzyme analysis of DNA fragments of less than 2,000 bp, vertical polyacrylamide slab gels were used (12) . DNA fragments were isolated on preparative polyacrylamide gels according to the procedures of Maniatls et^ al. (12) . The DNA bands were stained with ethidium bromide and visualized with long wave UV. Bands were cut out of the gel, placed in 1 ml plpet tips with attached dalysis tubing, and eluted overnight at 100 V.
In Vitro transcription. Conditions for in_ vitro transcription as described by Lee and Yanofslcy (13) were modified as follows. The reaction mixture (total volume, 50 ul) contained: Tris acetate (pH 7.9), 20 mM; KC1, 100 mM; EDTA, 100 yM: dithiothreitol, 100 uM; GTP, ATP, CTP, 125 uM each; UTF, 12.5 uM; 32 P -UTP, 5 uci (410 ci/mmole); 1 yg RSA polymerase; and 0.5 pmol DNA. After incubation at 37°C for 10 min, rifampicin (10 yg/ml) and Mg acetate (4 mM) were added. Reactions were incubated at 37°C for 20 min. RNA was isolated (14) and fractionated by electrophoresis on 4.4 ram thick, 8Z
acrylamide gels containing 7M urea (12) and visualized by autoradiography.
Readthrough transcription was measured using glyoxal gels (15) .
DNase I protection. DNA fragments were isolated and labeled as described above. The protection procedure of Galas and Schmitz was followed (16) .
Approximately 0.07 pinole of DNA was incubated in 100 yl of 20 mM Tris-HCl pH 7.5, 80 mM KC1, 5 mM MgCl 2> 0.1 mM DTT, 5 mM CaCl, plus cAMP and CRP at 37°C for 20 min. 60 ng DNase I was added and the reaction stopped after 2 min by the addition of 25 yl 3 M Na-acetate, 0.25 M EDTA and 100 y g/ml tRNA. Each sample was phenol extracted, ethanol precipitated and washed. Samples were resuspended in urea-dye mix and run on 4 mm 7 M urea-8Z polyacrylamide gels.
Restriction site protection. The procedure of Deeley and Yanofsky (17) was followed. Approximately 50 ng of P end-labelled DNA plus various proteins were incubated in 50 yl of transcription buffer (see above) for 15 min at 37°C. One unit of the appropriate restriction enzyme was added and the reaction allowed to proceed for 15 min. Reactions were stopped by the addition of 200 yl of 0.3 M Na-acetate, 100 yl phenol and 3 yl 10 mg/ml tRNA.
After extraction, the samples were processed and run on gels as described (17 Inouye. CRP was kindly donated by J. Krakow.
RESULTS
In vitro transcription
Studies utilizing the ilvB promoter-regulatory region ( Fig. 1 ) in an in vitro transcription system were carried out to confirm and extend our previous in vivo (6) and iji vitro (2) observations on cAMP activation of ilvB expression. The addition ot cAMP and CRP to the in vitro reaction resulted in a 3 to 10-fold stimulation in the amount of IlvB leader RNA synthesized (Fig.   2 ). This activation of transcription was dependent on the addition of both cAMP and CRP and on the concentration of CRP used (data not shown). Most of the RNA made in this system is terminated within the leader region and little or no run-off transcripts can be detected (2) . However, when the RNA was more completely denatured by treatment with glyoxal and run on a 5Z polyacrylamide gel with a sodium phosphate buffer (15), a band corresponding to a run-off transcript that had read through the terminator was observed (Fig. 3 ). This allowed us to test the possibility that the stimulatory effect of cAHP-CRP on Effect of cAMP-CRP on transcriptional read through at the ilvB attenuator. Lanes: a, transcription products of the EcoRI-Haelll fragment; b, plus cAMP (5mM) and CRP (6 yg/ml) . RT corresponds to the read though RNA. L is the terminated ilvB leader RNA. Samples were treated with glyoxal prior to loading on the gel (see Materials and Methods) . The gel was 5Z polyac-ylamide with a lOmM sodium phosphate buffer. The gel buffer was recirculated to prevent the pH from rising. The RNA bands were cut out and counted in a liquid scintillation counter. The results in cpm were as follows: No additions; terminated RNA (2136), read through RNA (890). CAMP-CRP added; terminated RNA (7450), read through RNA (1665).
ilvB expression could be in part due to a reduction in transcriptional termination within the leader region. The addition of cAMP-CRP to the in vitro transcription system did not increase the number of transcripts that readthrough the ilvB terminator (Fig. 3 ). These data suggest that, as in other systems, the major effect of cAMP-CRP is to influence transcription initiation (18) .
DNase I protection
In order to determine the site of interaction between ilvB DNA and cAMP-CRP we did a DNase protection experiment (16) . An EcoRI-Eaelll fragment 32 containing the ilvB promoter region ( ( Fig. 6 ). The inability of cAMP-CRP to inhibit digestion by Alul at a site centered around bp -12 (Fig. 7, lane c) suggests that CRP protection of restriction enzyme sites is specific for the proposed CRP binding site.
When RNA polymerase was used in the protection experiments, some unexpected results were obtained. RNA polymerase alone inhibited cutting at the Rsal and Sau3A sites (Fig. 5) , lanes c and d and Fig. 6 , lanes d and e), but not at the Alul site which is located within the proposed polymerase binding site (Fig. 7, lanes d and e) . When both cAMP-CRP and RNA polymerase were present, protection of both the Alul and Rsal sites was observed ( (26) promoters revealed striving similarities (Table 1) . These include a 6 bp consensus sequence, CTCACT, within or partially overlapping the CRP binding site. This consensus sequence begins 24 bp upstream from the -35 region and Is preceeded by GTGA, which starts 10 bp upstream. None of the 4 promoters differ by more than 2 nucleotides from the proposed P. consensus (Table 1) .
Taken together the data suggest that the mechanism of cAMP-CRP activation in these operons may be similar and may include a promoter in proximity to the CRP binding site that can efficiently compete with the -35 region for RNA Further work is necessary to decide if these constitute overlapping promoters, which, as has been found in the gal operon (27) , respond differently to cAMP-CRP.
